This paper analyses the growth trends in the Indian Computer Industry for the period 1991-2002. We focus on the significance of size and age on growth of firms and whether or not the law of diminishing returns to learning holds for a high tech industry like computers. An important difference between the computer software and hardware industry is also taken into account: The software industry is more service oriented, mainly targeting exports whereas hardware is a goods oriented industry, targeting the home market. Hence we analyse the hardware and software industry separately. It is found that the law of diminishing returns to learning does not hold for the software industry, but does hold for the hardware industry. Current size also negatively affects firm growth and more diversified hardware firms are more successful in the Indian context.
Introduction
The Computer Industry is a rapidly expanding industry in India. It has shown remarkable growth in a very short span of around 10 years, in spite of frequent and abrupt shocks due to world market fluctuations. The big software slowdown, which shook the world in the years 2001 and 2002, also unsettled the Indian software industry. Many upcoming firms could not sustain this shock and were forced to wind up. Global upheaval is not the only reason for the Indian disaster. In the Indian market an important reason is the inter industry structure. Most of the Indian computer hardware firms are importers of machine parts and intermediate goods (such as motherboards, processors, memory and hard-disks) and they assemble and sell the machine systems under a brand name in the Indian local market. The software firms, on the other hand, rely mostly on export markets. While the domestic market has been flourishing due to rapid computerization, it is catered for by ready-made software manufacturers (usually large multinationals (MNCs) such as Sun, or Microsoft).
There is no substantial demand for specifically designed application software In India. This paper empirically studies the impact of firm's size and age on the firm's growth prospects for Computer Industry in India. We have also attempted to identify the role of various factors such as product diversification, R&D expenditure, market penetration, ownership effects and the level of export orientation in determining a firm's growth in this industry. We conclude with a comparison between the software and hardware industries in terms of their growth patterns and the factors affecting each of them.
The first part of this paper models the relationship between a firm's growth and its age and size. The second part of the paper expands the basic model by including the number of products manufactured and firm ownership as two more relevant variables for analysing growth. The third part further broadens the analysis by including some other variables of interest such as net exports, R&D expenditure, market penetration and product diversification. Finally interpretations of the various findings of the model are offered and the main conclusions summarized.
The computer industry has features of both the manufacturing and services sector. The computer hardware industry is more like a manufacturing industry whereas the software industry has characteristics of the services sector. The computer hardware industry requires huge initial investment -sunk costs in setting up a plant and a large number of employees -whereas the computer software industry does not require large start-up costs or a large base of employees but it requires maintenance and update and support services for the software produced. One reason for examining the computer industry in the current study is the level of intra-industry variations exhibited by this industry. The other reason is the phenomenal growth rate of this industry in India over the last two decades. Hence an interesting question is whether the laws governing firm dynamics in the manufacturing sector are also applicable in a high-growth, high -tech industry. To this point such industries have largely been ignored in the literature pertaining to firm growth.
The Existing Literature
The relationship between firm growth and firm size has been an issue in the theoretical as well as the empirical literature on firm growth. According to Gibrat's law firm growth is independent of firm size. But empirical studies suggest that Gibrat's law does not hold when applied to real data. Empirical scrutiny of Gibrat's law began as early as 1956 by Hart and Prais (1956) and their results did not support the law. Singh and Whittington (1975) also tested Gibrat's' law for firms in the manufacturing, construction and distribution sectors in the UK and found that the growth of the firm decreases with size. Evans (1987a) explored the relationship between firm growth, firm size and the firm's age for a panel of US manufacturing firms for the time period of 1976-1982. He found that firm growth decreases with firm age, which is consistent with Jovanovic's (1982) theory of firm growth. According to Jovanovic's (1982) theory, firms uncover their true efficiencies, over time, with a Bayesian learning process.. But Evans (1987a) other finding was that that firm growth decreases with size, which is not consistent with Gibrat's law. Moreover Evans also concluded that the relationship between firm's growth and size is a highly non-linear one. In another study, during the same year, Evans (1987b) -increased the data set to include all the firms in 100 manufacturing industries in the US and found that the above mentioned results are robust to alternative assumptions concerning the effects of sample censoring and functional form.
The above findings have been confirmed in other studies. For example Bronwyn and Hall (1987) , came to the conclusion that Gibrat's law is weakly rejected for publicly traded firms in the US manufacturing sector. It was rejected for the smaller firms but was accepted for the larger firms. Nurmi and Satu (2004) , using plant level data from the Finnish Manufacturing sector, found that Gibrat's law fails to hold. Shanmugam et al. (2002) used data for the Indian manufacturing sector and reached the same conclusion as Evans (1987a) .
To this point in most of the studies related to the firm growth, only the manufacturing sector has been analysed (see Sutton, 1997 for an overview). There are few studies of Gibrat's law for the services sector. A study by Audretsch et al. (2004) considers a large sample of Dutch firms in the hospitality industry and discovers that the growth rates are independent of the firm size i.e. Gibrat's law holds. Hence they conclude that the dynamics of industrial organisation for services may not simply mirror that for manufacturing. Piergiovanni (2003) used data for the firms in the Italian small scale services sector and found that out of five business groups considered, Gibrat's law is rejected for three business groups and was accepted for two. Hence, the services sector has mixed results, unlike the manufacturing sector.
There are also many studies which have explored firm growth dynamics in greater detail using other factors influencing firm growth. The R&D activities taken by firms can give them a positive edge in the product market and thus contribute to firm growth. Studies by Amirkhalkhali and Mukhopadhyay (1993) and Del Monte et al.(2003) explore the role of R&D in determination of firm's growth and found that the firms with strong commitment to R&D have higher rate of growth. Apart from R&D, other factors considered in various studies are export orientation and foreign affiliation (Pfaffermayr (2004) ) and market share (Koot et al.(1970) ).
Only a few studies, have attempted to analyse growth dynamics for a so-called "hightech" industry such as the computer or information technology. One study on the computer industry is Das (1995) Here it is worthwhile to note that each of the above three articles assume the Indian computer hardware industry is an infant industry. It was indeed so during the period of study (1983 to roughly 1991-92 
An overview of the Indian computer industry
The computer industry of India, led by its software sector, started on a high growth path in mid 1980s. With the New Industrial Policy of 1984-85, the Indian software industry was liberated from heavy government regulations (namely, the Monopolies and Restrictive Trade Practices Act) on import of foreign technology and was allowed to form collaborations with foreign firms. In 1986, as restrictions on software imports were further lowered, the Indian software industry changed its trade outlook from inward orientation to outward. Indian firms were now permitted to be distributors of foreign software packages and, by 1990, the software industry practically moved out of the domestic market, leaving it to the distributors of equivalent foreign packages.
The Indian software industry turned its force into the exports market and became the preferred destination for global software outsourcing 2 . The Enterprise Resource Planning (ERP) boom and the upshots of the Y2K concerns further contributed to the increase in its exports 3 and, during 1991-96, the software industry of India grew at a rate that was ten times higher than the growth of her GNP.
The burst in the dot com bubble of 2000 resulted in a drastic fall in software exports and, as a slowdown set over the industry, many young companies were forced to shut down or reduce production. This slowdown, however, lasted only a couple of years 
Model specification
The dependent variable is Growth = ln(S it+1 ) -ln(S it ). The explanatory variables are Size (given by sales, denoted by lnS), Age (Current year -year of Incorporation; denoted by lnA), Net exports (NEX), R&D Expenditure (RD), Number of products (NOP) and dummies for Ownership. Also time dummies are included to account for aggregate policy shocks and firm specific effects are taken care of by firm specific activities constitutes more than 50% of it's income then Prowess classifies it as a hardware company and vice-versa.
dummies. The interaction term
6 is generated between the firm size and firm's age, to capture the joint effect of size and age on firm's growth. The squares of size and age are also included as explanatory variables to capture the possible non-linear relation ship between a firm's growth with its age or size or both. The details of units and exact formulations for different variables used and the expected signs of the coefficients can be found in TABLE-1 at the end.
Specification of Growth equation
The basic model used in this study is the same as that used by Das (1995) and by Evans (1987) . The General form of the function is:
Where u t is the disturbance term.
A second order logarithmic expansion of F(.) in the above equation gives (4) TABLE1-1 gives the expected signs of the coefficients, based on the sign obtained by previous studies and the assumptions of diminishing returns to scale and diminishing returns to learning. We expect a negative sign for the current size and the age due to DRS and DRL. We expect net exports, market share, diversification (captured by number of products) and the investment in research and development to positively affect growth. It is difficult to predict the sign for the particular ownership dummies as previous studies that have used the ownership structure as an explanatory variable in similar analysis have had no clear cut evidence of ownership explaining firm's growth.
Extensions of the Basic model
The size and age of a firm by themselves seem quite insufficient to explain firm growth, in an industry such as the computer industry where there are large network effects present, unlike traditional industries such as automobiles or machinery. Hence we introduce in our first extension of the basic model two new variables namely No of Products and the Ownership Effect. The rationale for the inclusion of these two variables is explained in the following paragraphs.
The computer industry (both hardware and software) is characterized by the presence of network effects and brand loyalties. Hence, customer's purchasing decisions also involve issues of compatibility and brand. It is, therefore obvious to think that more diversified firms will grow faster than less diversified firms, because more diversified firms will have bigger networks and more established brand names. Moreover, customers usually buy complete systems (i.e. combination of products like CPU, Monitor, Keyboard, Mouse etc.) rather than individual machine parts. Hence, a firm producing many products should have better growth prospects than a firm producing a single product.
The Ownership of firms has a crucial role to play in the growth of the firm. The computer industry is relatively new in a developing country like India. Hence, during the late 1980s and early 1990s, the government promoted a massive computerization drive in government undertakings such as banks and railways. This computerization drive is still going on. The study by Dedrick et. al (1993) indicates that most of the government contracts for hardware and/or software were given to public companies.
Infact, up to now the government (or public companies) is the single largest domestic buyer of both software and hardware. Besides government intervention, the level of technology is reflected in the ownership effect. Private foreign firms and joint ventures are expected to use advanced technology, compared to their Indian counterparts. The purely Indian firms try to fill this technological gap by investing in R&D. However the earlier study by Das and Srinivasan (1997) found no significant effect of firm's ownership on firm's duration of survival.
First Extension to the Basic Model
The first extension of the basic model (given by equation (4) 
Second Extension to the Basic Model
We have further extended the basic model by including some more variables i.e. Net
Exports, R&D Expenditure and Market Penetration.
The Indian Software industry is mainly export oriented because, in spite of having skills & English speaking fluency comparable to their counterparts in developed countries like the` US & Europe (Heeks(1996) ), Indian software professional receives a salary 4 to 5 times less than their foreign equivalents. Government policies also support "high export orientation" (Heeks(1996) 
Econometric Analysis
We began through using a Fixed Effect Panel model to estimate the above equations.
Here we have assumed that the error terms are independently and identically distributed i.e. iid u it → . We used OLS as the starting point for estimating all the models. Subsequently we ran the regressions using dummies for capturing the aggregate policy shocks. Finally we introduced firm dummies to account for firm specific effects (unobserved heterogeneity 
Main findings for the Basic Model
Current size has definitely a negative impact on the firm's growth, as it is coming significant for hardware software and the overall industry (with negative sign). So our finding confirms that of Das (1995) . The lagged size has no significant impact on hardware but it has a significant negative impact in case of software industry, thereby indicating that fixed factors of production have important roles to play in the software sector.
Age is not coming significant in any of the estimations, which shows that age doesn't explain growth. The Diminishing Returns to Learning doesn't seem to hold here as it is a booming industry with rapid technology changes. The interaction term between size and age is significant in all the three cases.
Main findings of First Extended Model
After introducing the new variables of product diversification and ownership, we find that age has a strong negative impact on growth for hardware industry whereas it has a strong positive impact for software industry. This further clarifies the picture that diminishing returns to learning is applicable to hardware but not to software. Also we see that the diversified firms are more successful in the hardware industry, where the issues of compatibility and brand loyalty actually matter. The ownership variables are coming significant for hardware.
Main findings of Second Extended Model
Inclusion of net exports, R&D and the market penetration as new explanatory variables doesn't significantly improve the model. But we can make some inferences on the possible nature of impact of these variables, from the sign of the coefficients.
Net exports negatively affect hardware and have positive impacts for the software industry, which is quite expected as discussed earlier in section 4.2.2. Market
Penetration has a positive effect for the hardware firms, which confirm the influence of brand names, network effects etc. in the hardware sector. The R&D variable is not coming significant in any case, which could be because of the difficulty in separating R&D expenditure from other manufacturing expenditures in such industries. Hence the R&D expenditure reported doesn't reflect the actual R&D activity taken up by firms.
Discussion of results
Current size has a negative impact on growth for the hardware, software and overall industry regressions. Thus, despite being a "high-tech" industry the Law of Diminishing Returns to Scale or Bounded Efficiency holds well. The smaller firms will grow faster than the large firms until they attain a size after which it is not possible to improve efficiency any further. However, we also find that the square of the size term is significant for both hardware and software. Moreover, it has a negative sign for hardware but a positive sign for software. This signifies an important difference between the software and hardware industry i.e. after attaining a certain threshold the software firm grows with an increase in size. This finding could reflect the situation when a large software firm will be capable of spending more on the latest technology (either through R&D or through collaborations) or will have more quality assurance certificates or will be able to retain its employees 9 .
Age, in our analysis, was found not to have significant impact on firm growth. But again the signs are opposite for the hardware and software industry. We find that the interaction term between age and size always has` a significant impact on growth.
Thus, we can infer that age and size together have an impact on growth. Moreover age is significantly correlated with size (this correlation is 0.355 at 1% level of significance, in our data).
Ownership has an important role to play in this industry. We see that in hardware the Private Indian groups & Private Foreign are doing better than others. This is because of the strong effect of brand names present in hardware markets. Here established Indian brands (like HCL, Wipro etc.) and established foreign brands (like DELL, IBM, SUN) are more successful than public and private Indian standalone firms (involved in selling assembled PC's). This is because of the fact that big groups have huge networks for providing service and support to customers. Moreover they are capable of handling large projects that are spread over wide geographical areas (i.e.
projects by Government Agencies or Big Public Enterprises). The ownership effects
are not significant in the software industry, which shows that ownership does not matter here. As opposed to the hardware industry, the software industry mainly relies on exports and since most of their clients are corporate firms situated abroad, they do not need large network of support services to fulfil the needs of the clients. Moreover the service and support related to a software product can be delivered, by a firm even 9 The job switching rate is very high in software industry. So the small firms are not able to get the if it is located geographically far away. So the software industry has to compete in the world markets for the projects requiring high degree of specialisation, hence the ownership does not matter.
A similar kind of difference is observed between hardware and software regarding the impact of product diversification. The job switching rate is less in large firms as employees feel more secure. 10 Here we are using the term components though most of these devices (i.e. computer peripherals) are end products in themselves.
professionals, all of a sudden, became jobless. This brought about the well known Software market bust throughout the world.
Conclusions
There are striking differences between the growth patterns of the hardware and software industries. The hardware industry, on one hand, follows a trend similar to traditional industries like manufacturing, machinery and textiles. On the other hand the software industry is somewhat similar to the services sector. Knowledge and innovation have much more greater roles to play in software than hardware. Product diversification is a lot more important in hardware than in software. The software industry requires specialization in providing software solutions in one particular field.
This analysis can be done in a much more effective way by including some employment statistics such as salary, organizational structure within a firm, the experience and education level of employees because in a knowledge intensive industry these variables really matter a lot. Similarly there were many outliers and growth miracles in the data which can influence our analysis. Removing the outliers, and may be also truncating the growth variable, will perhaps give us a better perspective on the general growth patterns in this industry. 
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